The main objective of the present work is to demonstrate the efficiency of multi-factorial experimental designs to elucidate factors affecting the antimicrobial compound production by Streptomyces rochei BKM-4 isolated from an Eastern Ghats soil. Combinations of Plackett -Burman design (PBD) and Box -Behnken design (BBD) have been carried out for the optimization of various factors for antimicrobial production. Among 9 factors, yeast extract, D-glucose and incubation periods were selected due to significant positive effect on antimicrobial compound production. Box -Behnken design, a response surface methodology, was used for further optimization of these selected factors for better output. Data were analyzed, a second order polynomial model was established to identify the relationship between the compound yield and the selected factors. The media formulations were optimized having the factors such as yeast extract 1.10%, D-glucose 0.98% and incubation periods 9.05 days. The maximum experimental response for antimicrobial compound production was 262.42 µg/mL whereas the predicted value was 261.35 µg/ mL. The high correlation among the predicted and observed values indicated the validity of the statistical design. The combined statistical method enabled rapid identification and integration of key medium parameters for optimizing secondary metabolite production and might be very useful in pharmaceutical screening programs.
Introduction
Actinomycetes are pronounced to be the foremost producers of biologically active compounds (Balachandran et al., 2015) . Two-thirds of microbially derived antibiotics are obtained from this source, particularly Streptomyces spp. (Kieser et al., 2000) . The production of microbial metabolites may be extensively increased by manipulating the nutritional conditions. The nature and concentration of a few components of the fermentation medium even have a marked impact on antibiotic manufacturing (Parekh et al., 2000; Sanchez and Demain 2002) . Consequently, process optimization became of central importance and an undisputed factor in commercial production processes especially in regards to biotechnological manufacturing approaches, in which even small enhancements may be decisive for commercial achievement (Kashipeta 2014 ). Optimization of different fermentation conditions can be carried out both by means of conventional or statistical techniques. The conventional approach follows the 'one by one technique' in which one variable is modified even as all others are kept constant. This approach is time-consuming and provides no information on interaction influences on overall productivity, but also often leads to an incomplete understanding of the system's, ensuing in confusion and a loss of predictive capability (Hymavathi et al., 2010) .
Whereas, statistical methods are rapid and dependable, short lists significant nutrients, allows apprehend the interactions some of the nutrients at various concentrations and the total number of experiments tremendously (Prakasham et al., 2007) . Plackett-Burman is well established and widely used in the statistical designs for the selection of the medium components, which can screen the important variables as well as their significance levels (Vanot and Sergent 2005) . Response surface methodology (RSM) has eased process development and has been of significant use at industrial level, among which Box-Behnken design methodology considers as best as it predicts the interaction effects among the variables (Chen et al., 2002) . RSM is a group of statistical techniques for designing experiments, building models, evaluating the effects of factors and attempting to find optimum conditions of factors for appropriate responses (Lee et al., 2003; Bernal et al., 2006; Zhang and Gao 2007) . It gave information vital for design and system optimization and additionally useful in the analysis of a couple of responses at the same time (Tellez et al., 2003) .
In this study, statistical optimization of physical conditions and media components turned into investigated for antimicrobial compounds production using a strain of Streptomyces rochei BKM-4 by response surface methodology.
Materials and methods

Strain and culture condition
The antibacterial compound producing strain, Streptomyces rochei BKM-4 (GenBank: KJ607323) was previously isolated from a Eastern Ghats soil which are located in Vellore district (Tamilnadu, India) and extensively studied for their antibacterial secondary metabolite (Sakthi and Murugan 2012) . The strain was maintained over the surface of ISP4 agar slants.
Fermentation and extraction of antimicrobial compound
Shake flask cultivation was employed for production of secondary metabolite in which starch casein broth of 30 mL was used as seed medium in 250 mL Erlenmeyer flasks and inoculated aseptically with a loopful of spore mass. The flasks were incubated at 29±1°C in shaker incubator for 6 days. The antimicrobial metabolite was recovered from the culture filtrate by solvent extraction method (Westley et al., 1979) . After six days of incubation the broth was centrifuged at 10,000 rpm for 10 min. Ethyl acetate was added to the supernatant in the ratio of 1:1 (v/v) and shaken vigorously for 30 min for complete extraction. The lower aqueous layer was discarded. The upper solvent layer was retained and concentrated by keeping in water bath at 80-90°C till complete dryness was obtained and expressed in µg / mL of fermented media.
Plackett-Burman design
The Plackett-Burman design was used to evaluate the relative importance of various nutrients on antimicrobial compound production. The Plackett-Burman experimental design is based on the first-order polynomial model: Y= β0 + Σβi xi …… (1) where Y is the response, β0 is the model intercept and βi is the linear coefficient, and Xi is the level of independent variable.
This model does not describe interaction among factors and is used to screen and evaluate the important factors that influence the response. In the present work, nine assigned variables were screened with 12 treatment combinations. Two dummy variables were studied in 12 experiments to calculate the standard error (Soliman et al., 2005) . Table 1 shows media components, symbol code, and actual low and high level of the variables. Table 2 shows the detail of the design, each row represents a trial, and each column represents an independent variable. Each independent variable was tested at two levels, a high (+1) level and a low (−1) level. The high level of each variable was set far enough from the low level to identify which ingredient of the medium has a significant influence on antimicrobial compound production. From regression analysis, the variables which were significant at the 95% level (p<0.05) were considered to have a greater impact on antimicrobial compound production. These variables were further optimized by a Box-Behnken experimental design which was developed using Minitab 15 statistical software package.
Response surface methodology
Box-Behnken response surface methodology was employed for determining the optimum concentration level of three significant factors screened in the Plackett-Burman design. Selected variables (yeast extract, D-glucose and incubation periods) were studied at three different concentrations coded as -1, 0, and 1 and the remaining media components were maintained at middle level of screening design. The coded and actual values of the variables are given in table 3. According to the Box-Behnken design matrix generated by Minitab 15 statistical software package, a total number of 15 experiments including 12 factorial points and 3 replicates at the center point were performed
The experimental data to correlate the relationship between the response value and the variables were explained by the following second-order polynomial model: Y=βo + β 1 X 1 + β 2 X 2 + β 3 X 3 + β 11 X 11 + β 22 X 22 + β 33 X 33 + β 12 X 1 X 2 + β 13 X 1 X 3 + β 23 X 2 X 3 ------ (2) Where y is the measured response, β 0 is the intercept term, β 1 , β 2 , β 3 are linear coefficient, β 11 , β 22 , β 33 are quadratic coefficient, β 12 , β 13 , β 23 are interaction coefficient and X 1 , X 2 , X 3 are coded independent variables. In this study, Plackett-Burman design was used to detect the influence of nine factors on antimicrobial compound production in submerged fermentation. The data in table 2 indicated there was a wide variation from 144 to 224 µg/ mL of the antimicrobial compound in the 12 runs and were subjected to regression analysis and the analysis of variance (ANOVA). This variation reflected the importance of medium optimization to attain higher production. The student's t-test for any individual effect allows an evaluation of probability of finding the observed effect purely by a chance (Reddy et al., 2012 (Lanka and Latha 2015) . In table5 represents, the model has F value of 20.51 and a p-value of 0.047 indicating that the model was significant. The pareto chart, which has been described as a useful tool for identifying the most important effects (Haaland 1989 ) was also applied to determine the significant factors and graph was shown in fig.1 . This chart shows the ranking of the factors influencing the production and is based on the coefficient estimate of factors.
Nitrogen is used as a source of amino acid synthesis such as purine, pyridine, proteins, DNA and RNA. Nitrogen sources also play an important role in the formation of cell biomass in the growth phase, and formation of secondary metabolites, particularly the class of peptide antibiotic. Sharon et al. (2014) demonstrated that the optimal nitrogen source for antibiotic production by Streptomyces sp. KOD10 was yeast extract with an inhibition zone of 14.67 mm for Staphylococcus aureus and 21.67 mm for Neisseria mucosa. In the present study, yeast extract had highly significant variable for producing antimicrobial compounds by S. rochei BKM-4 ( p=0.017).
The carbon source needed for maximal yield of the antibiotic production seems to be different among bacterial strains. Glucose proved to be the best carbon source for both cell growth as well as antimicrobial metabolites production by the Streptomyces sp. RUPA-08PR which was found to produce high levels of antimicrobial metabolites in the medium supplemented with glucose (2%) as sole carbon source (Ripa et al., 2009 ). Higher glucose concentration has been reported to repress the formation of phenoxazinone synthetase, an enzyme required for producing antibiotic compound namely actinomycin synthesis (Gallo and Katz 1972 ) and higher glucose concentration will effect to metabolite repression, and production of secondary metabolite will decrease significant (Sunaryanto 2012).
Incubation time is crucial for production and harvesting the bioactive agents from culture filtrates and is highly varied among actinomycetes as revealed by earlier studies. Sejiny (1991) reported that antibiotic production of Streptomyces usually starts on the second or third day but maximum antibiotic activity is recorded on ninth or tenth day, that is, in the stationary phase. It has been reported that two phases are observed during the propagation of antibiotic producers. The first phase is characterized by rapid growth and the second phase is characterized by a slow growth and maximal productivity of antibiotics. The maximum antibiotic production by Streptomyces sp. VRY-1 was observed at 10th day, whereas it decreases from 11th day (Jain et al., 2011). For isolate BKM-4, a similar result was recorded where maximum antibiotic production towards with high incubation periods.
Optimization by RSM
The optimal level of the key factors (yeast extract, D -glucose and incubation periods) and the effect of their interactions on antimicrobial compound production were further explored by the Box-Behnken design of RSM. The selected factors in the culture medium and also to determine their optimum levels for maximum antimicrobial compound production demonstrated markedly varied results, ranging from 153-252 µg/ mL of fermented media (Table 3) . Data in Table 6 indicate that all the coefficients presented in Eq.(2) were significant for antimicrobial compound production, and all the model coefficients, namely X 1 , X 2 , X 3 , X 12 , X 2 2 , X 3 2 , X 1 *X 2 and X 1 *X 3 are significant for antimicrobial compound production. By applying multiple regression analysis on the experimental data, the following second-order polynomial equation was established to explain Antimicrobial compound yield (µg/ml) = 245.0 -26.25*X 1 -8.25*X 2 -8.25*X 3 -23.88* X 1 2 -23.88 X 2 2 -22.37 X 3 2 + 19.75* X 1 *X 2 + 9.25 X 1 *X 3 + 7.75* X 2 *X 3
The value of adjusted R 2 (0.984) for Eq. (2) suggests that the total variation of 98.40% for antimicrobial compounds yield is attributed to the independent variables and only about 1.6% of the total variation cannot be explained by the model. The closer the values of adjusted R 2 to 1 are, the better is the correlation between the experimental and predicted values (Pujari and Chandra 2000; Wang and Lu 2005).
The statistical model was checked by F-test, and the analysis of variance (ANOVA) for the response surface quadratic model is summarized in table 7 that the model F-value of 34.10 implies that model is significant. There is a very low probability value (p model, F < 0.001). Values of "Prob>F" less than 0.05 indicate that model terms are significant. Another evidence is the lack-of-fit F-value. The lack-of-fit F-value of 0.166 implies the lack of fit is not significant relative to the pure error. The fitted response surface plot was generated by statistically significant above model by Minitab-15 program to understand the interaction of the parameters required for optimum yield. Two parameters of each model were plotted at any one time on the X and Y axes with the yield in Z axis. The other one remaining parameters set at their center point values automatically by the software to make each plot. The shape of the contour plots (circular or elliptical) indicates whether the mutual interactions between variables are significant or not. A circular contour plot indicates that the interactions between related variables are negligible. An elliptical contour plot indicates that the interactions between related variables are significant (Muralidhar et al., 2001) . Fig. 2  and 3 depicts the contour plot showing the effects of yeast extra and incubation periods and D-glucose on the antimicrobial compounds production. There was significant mutual interaction between yeast extract and incubation periods and D-glucose which is also evident from the relatively elliptical nature of the contour curves. Fig.4 shows that there is no significant interaction between D-glucose and incubation periods, which is evident from the relatively circular nature of the contour curves.
Validation of the model
The suitability of the model equation for predicting the optimum response value was tested using the recommended optimum conditions. When optimum values of the independent variables (1.10% of yeast extract, 0.98% of glucose and 9.05 days of incubation periods) were incorporated into the regression equation, 261.35µg/ mL was obtained, whereas actual experiment at above optimum conditions gave a citric acid yield of 262 µg/ mL by S. rochei BKM-4. Thus, predicted values from fitted equations and observed values were in very good agreement.
Conclusion
In the present study, the evaluation of fermentative optimum conditions for antimicrobial compound production by S. rochei BKM-4 was done using Plackett Burman design followed by response surface methodology using Box-Behnken design. From among 9 fermentative variables that were studied, 3 significant variables were picked up by PBD which were further optimized by Box-Behnken design. Analysis of variance (ANOVA) showed the significance of the model and the validity of the model was confirmed by the verification experiments. 
